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Abstract 
A stable edge weighted HOG feature extraction and template matching algorithm is proposed in this paper to match the target on 
the ground. Firstly, the stability of each edge fragment, represented by the relative change of the skeleton over a given range of 
threshold of a map was analyzed to select the steady ones. And a singular edge image was described with a forest structure. Then 
2D template images are obtained by projecting a 3D model of the target which is constructed from the 3D data of the scene with 
the real time observation parameters, and are manually labeled to reserve the borderlines. Finally, edge weighted HOG features 
are extracted and the characteristics of the template image matching to achieve target recognition. The experimental results show 
that the proposed method is effective and robust. It achieved good recognition performance in any case of noise, shade and view 
angle, distance and complex background environmental conditions. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
In the process of vehicle navigating with the optical signals of ground targets. Active navigation system has to 
solve the problem of different mass sensor, distinct view angle and shooting time of the target and the template[1]. 
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Target has a complex and strong interference background of various objects around and lighting environment 
overlooking from the air obliquely.  
Image registration is an important means to target detection and recognition[2]. According to the texture 
information of the image, the method based on the gray level does not require prior to extract the image features, 
direct measurement between the whole image or the sub area of the image[3], but the contents of the scenes must 
roughly the same and need an approximate angle of view. Methods based on transform domain is according to the 
change of translation, rotation, scaling and other simple in the frequency domain are displayed corresponding 
characteristics, but does not solve the large angle of view perspective changes between images[4]. Feature-based 
method got image registration and fusion by transaction matrix solving from the matching relationship between 
features after extracting the stable feature of the images. Feature points and regions are commonly used in the 
registration of homogenous image to make affine transform, such as Harris corner [5], SIFT feature point [6] and 
MSER stability region [7]. However, texture gradient features unsuitable for heterogeneous image registration, for 
we cannot get a stable gradient information from the gray distribution of images acquisita in different spectral bands. 
At the same time, the edge of the image in the scene of dissimilar material interfaces and geometric planar junction, 
which depends mainly on the nature of the objects in the scene, has better performance in any frequency spectrum. 
So the edge information has become one of the unchanging characteristics of heterogeneous image registration. 
A stable edge weighted HOG feature extraction and template matching algorithm is proposed in this paper in the 
recognition progress of a target from an infrared image taking from a flying vehicle with location information, 
visible platform, three-dimensional model data and other circumstances. It achieved good recognition performance 
in any case of noise, shade and view angle, distance and complex background environmental conditions. 
2. Details of the proposed method 
2.1. Stable edge fragments 
Edge concentrated most of the information in the image, and edge detection is one of the classical projects and 
always is the first step of image analysis and understanding. Most of the algorithms are based on computing the 
gradient of image [8].  
The algorithms based on the pixel usually obtain a binary edge image finally which focus on every single pixel 
and determine whether it belongs to edges[9]. The threshold is an important element in most of the gradient-based 
algorithms. It is hard to set the value of threshold suitable for all edges with unusual strength. Simple threshold 
segmentation is extremely difficult to distinguish between target and background interference, and the use of 
contrast enhancement tended to increase background noise. 
We focused on edge fragments, which been composed of a number of connected pixels. It obtained a set of forest 
structured edge fragments by analyzed the stabilities of the edge fragments. The approach can deal with all edges 
with different strength and images with various blur scales. 
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Fig. 1. comparison of stable edge method with canny. 
We applied the Sobel operators to compute the gradient, including the magnitudes and directions. And quantized 
the gradient magnitudes and implemented the fast BINSORT [10] to sort the pixels in descending direction. 
Gradually, we built a pixel forest according to their gradient magnitudes and adjacencies. 
Algorithm based on relative strength of the non edge area of the surrounding did not depend on absolute intensity 
gradient magnitude. So the weak edge of the target outline could not be loss and ignored after filtering. On the other 
hand, the stray texture not in place of a target outline could not be preserved for the sharp gradient amplitude. 
Experiments illustrated that our method did well in stable edge fragment detection(Fig.1) and had better anti-noise 
performance than common algorithm[11,12]. 
2.2. Infrared image recognition with 3d model 
The algorithm used the location and 3D model data of a target on the ground, observation parameters of the 
vehicle to make a 2D simulation image of the template to detect the target in real time with an infrared image taken 
from the flighting vehicle. Fig.2 shows the framework of the recognition. 
We generated 2D image frame-by-frame in real time with a three-dimensional model of the target and 
observation parameters. Firstly, transform the flight attitude parameters of the vehicle to the view and distance 
parameters for plotting two-dimensional image by building a space model of the airborne camera. Then, rendering 
2D projection images of the target with the general three-dimensional graph drawing algorithms with these 
parameters[13]. During the drawing process, the occlusion of the target architecture and non-targeted buildings 
around had been taken into account. And finally, the contours of the target was simulated. 
 
Fig. 2. framework of the recognition. 
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2.3. Matching method based on edge weighted HOG feature 
2.3.1 Edge weighted HOG feature 
There are significant differences in the absolute intensity values at corresponding points between the virtual 
template image and real-time infrared image. However, they have a similarity distribution of changes in the 
direction of relative gray difference. Matching with HOG feature can greatly prominent the common character of the 
images[14]. 
The generating process shows that the edge direction is consistent with the observed image at the edge position of 
the outer contour and boundary. However, has fewer relationships on the smooth surface area. So in this paper we 
calculated the HOG features with the edge information of the image. 
Fig.3 shows the process of weighted HOG feature extraction. Firstly, extract the single pixel edge of the template 
image, and then do gaussian blur on the binary edge image( ( , )E x y )to get the weighting matrix( ( , )ew x y )which 
can reduce the influence of edge location deviation. 
,( , ) ( , )e d dw x y G E x yVu                                                               (3) 
,d dG Vu means the gaussian blur matrix with size d*d and standard deviation  V .  HOG feature can be described 
as 1,1 ,( ,..., )M NF S S . where  , , ,( (1),..., ( ))i j i j i jS S S L  represent the statistical histogram of gradient 
directions in each sub block of the image. The edge information of the infrared image has less stability and 
reliability for poor resolution and complex background. So we can get HOG feature of target area use the same 
weighted matrix of template on the gradient directions (Formula 4)of the real-time infrared image. 
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Fig. 3. example of weighted HOG feature,. 
2.3.2 Matching 
Euclidean distance is used as the distance between feature vectors in the matching algorithm[15]. And then is 
transformed to the range of 0 ~ 1 with an exponential function. 
   2, i ii M RxyD a
§ ·¨ ¸ ¨ ¸© ¹¦ M R                                                       (5) 
Where M is the HOG feature vector of the template image. Rxy means HOG feature vector of the sliding frame 
of infrared image at position (x,y). a is the base of the exponential function. The default value is 1.5. 
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3. Result of experiment of target recognition 
The algorithm is presented on real aerial image sequence. For all test images, the flight parameters and camera 
parameters are the actual aerial, respectively by the specified one group of buildings as a test target, each scene has a 
plurality of image sequences and a variety of course angles, and the interception of the shooting distance is 10m ~ 3 
km. Fig. 4 is an example of part of the template image and the recognition result. 
 
   
Fig. 4. example of sample and the recognition,. 
Table 1. The experimental testing result. 
Sequence 
NO 
Time 
Period 
Total 
frames 
Recognition 
rate 
Sequence 
NO 
Time 
Period 
Total 
frames 
Recognition 
rate 
1 noonday 508 99.60% 9 midnight 184 100% 
2 noonday 964 99.20% 10 morning 576 100% 
3 morning 518 100% 11 noonday 936 100% 
4 night 557 95.00% 12 noonday 243 98.80% 
5 afternoon 1042 98.50% 13 noonday 661 100% 
6 night 544 90.60% 14 afternoon 957 100% 
7 noonday 1058 98.90% 15 noonday 962 100% 
8 afternoon 980 99.50% 16 midnight 875 95.30% 
Table.1 shows the experimental testing result of 16 image sequences. It can be seen that this scheme can get very 
good detection effect on most of the image sequence. This scheme is consistent to the change of light intensity and 
direction. However, for some phenomenon of mirror reflection on the shiny surface. The accuracy of this kind of 
circumstance is lower for the gradient directions have been influenced. The performance of the method is dependent 
on the accuracy of 3D model data for the HOG feature will be changed with the edge. Moreover, the scope of the 
model must be suitable not only for the efficiency of calculation, but also make a model unique in the range of the 
scene and get the occlusion conditions of buildings around. 
4. Conclusion 
The experimental results show that the proposed method with the stable edge weighted HOG feature is effective 
and robust. It achieved superior recognition performance in any case of noise, shade and view angle, distance and 
complex background environmental conditions. Furthermore, it needs not training step[15] but just a simple 3d 
model data of the target. So this method has strong practical value, at the same time it has a certain reference for 
precise guidance, autonomous navigation and research on other fields.  
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